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(54) Aperture razor system and method of manufacture 



(57) A method for forming a blade (20) having circu- 
lar apertures (21) with sharpened edges (25). As op- 
posed to the traditional grinding and deburring method, 
Ihe present invention utilizes electrochemical machin- 
ing, electrical discharge machining, electrolytic machin- 



ing, laser-beam machining, electron-beam machining, 
photochemical machining, ultrasonic machining, and 
other non-traditional methods to sharpen and form the 
blade edges. These manufacturing methods lend them- 
selves to produce unlimited razor blade designs and 
structures. 
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Description 



[0001] This invention relates to razor systems having 
a plurality of apertures and methods of manufacturing 
such razor systems using non-grinding sharpening 
techniques. 

[0002] Efforts to improve wet shave quality have been 
on-going for many years. Among the avenues for im- 
provement that have been explored are the actual blade 
and cutting edge design. To this end, razors have been 
developed with cutting edges which are not straight as 
with most traditional blades, but are circular or othen^iise 
rounded apertures located within the body of the blade. 
Such systems offer the advantage of allowing the user 
to shave in multiple directions, as opposed to the single 
direction of most blades. Examples of blades having cir- 
cular apertures include U.S. Patent No. 5,604,983 is- 
sued to Simms etai, U.S. Patent No. 5.490,329. issued 
to Chylir^ki et ai, and U.S. Patent No, 4,483,068 Is- 
sued to Clifford. While the dimensions and shape of'the 
actual apertures vary throughout the examples, the 
methods for producing the apertures in these examples 
remain virtually the same. The common method for pro- 
ducing the apertures is the traditional grinding method 
for sharpening blades which requires substantial part 
manipulation and is sometimes combined with an addi- 
tional deburring step. Consequently, the manufacture 
and blade structure of razors having apertures are con- 
strarned by the limitations of traditional razor grinding 
[0003] According to a l.rst aspect of the invention 
there is provided a method as defined in Claim 1. 
[0004] According to a second aspect of the invention 
there is provided a method as defined In Claim 2. 
[0005] According to a third aspect of the invention 
there is provided a method as defined in Claim 3. 
[0006] According to a fourth aspect of the invention 
there is provided^ a method as defined in Claim 4. 
[OOOTJ According^ la a fifth aspecX: <rf the invention 
there is provided a method as defined in Claim 5, 
[0008] According to a sixth aspect of the invention 
there is provided a method as defined in Claim 6. 
[0009] According to a seventh aspect of the invention 
there is provided a method as defined in Claim 7. 
[0010] Further, optional features of the invention are 
defined in the dependent claims and in the description 
hereof. 

[0011] Thus, the invention advantageously provides 
a method for manufacturing razor blades having a plu- 
rality of sharpened apertures which does not employ tra- 
ditional grinding and deburring steps, but instead utilizes 
more efficient and flexible hole-producing and edge 
sharpening technology. It is also an advantage of the 
present invention to provide a method for producing ra- 
zor blades having cutting edge apertures which do not 
utilize the tradibonai grWiig techniques. It i$ a further 
advantage of the invention to utilize electrochemical ma- 
chining, electrical discharge machining, electrolytic ma- 
chining, laser-beam machining, electron-beam machin- 
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ing. photochemical machining, ultrasonic machining, 
and other nontraditional methods to form cutting edge 
apertures in razor blades. Accordingly, the structure and 
design of the cutting edge apertures are not limited to 
the shapes, sizes and locations amenable to grinding. 
[0012] Embodiments of the present invention are di- 
rected to a method for forming a blade having a plurality 
of apertures with sharpened edges. As opposed to the 
traditional grinding method, the present invention utiliz- 
es electrochemical machining, electrical discharge ma- 
chining, electrolytic machining, laser-beam machining, 
electron-beam machining, photochemical machining! 
ultrasonic machining, and other non-traditional methods 
to sharpen the blade edges. As a result of implementing 
these non-traditional manufacturing techniques, the re- 
sulting blade and edge structure Is distinct from blades 
formed by traditional grinding methods. 
[0013] There now follows a description of preferred 
embodiments of the invention, by way of non-limiting ex- 
ample, with reference being made to the accompanying 
drawings in which: 

Figure 1 is a side view of an electrochemical ma- 
chining tool; 

Figure 2 is a side view of a blade aperture formed 
via electrochemical machining; 
Figure 3 is a view of a blade edge and aperture be- 
ing formed via electrochemical machining; 
Figure 4 is a view of a razor blade having apertures 
formed via the methods of the present invention- 
and 

Figure 4a is a view of the cross section of a razor 
blade having apertures formed using the methods 
in the present invention. 
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[0014] Reference will now be made to the presently 
preferred emtodiments of the mvetfioRi 
(Oat^ Raa»WadKhavingapertur«whichareoorm 
monly circular have long been manufactured by imple- 
menting traditional grinding techniques to form the cut- 
ting edges. Grinding a non-straight edge is difficult, re- 
quires extensive part manipulation, and limits the struc- 
ture and design of the ultimate blade. Grind techniques 
often require subsequent processing such as deburring 
of the blades to remove dangerous burrs. The present 
invention provides for a method of producing a razor 
blade having multiple apertures with sharpened edges 
for shaving. The method of producing the razor blade of 
the present invention differs from the known methods in 
that it does not utilize grinding. Instead, the present in- 
vention discloses aitemative methods of producing a ra- 
zor biade having a plurality of cutting apertures. These 
aftemative methods do not require extensive part ma- 
r>ipuiation or limit blade design. 

'^'^'riToreantwhenlornii^ 
ing a plurality of cutting apertures that the hair extends 
into the holes, the skin flows over the holes, and that the 
proper cutting angle is obtained. Cutting edges formed 
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within an aperture do not produce the desired shaving 
results because hair and skin flow are minimal over the 
actual cutting surface of the blade. The formation of an 
edge extending above the shave plane greatly improves 
the efficiency and quality of the shave. Generally, a good 
example of a satisfactory system would have an aper- 
ture cutting edge protruding approximately 0.03 mm 
from the blade surface at approximately a 1 5 degree an- 
gle. 

[0017] The first step In the process of forming the ap- 
erture razor blade with a cutting edge extending above 
the shave plane is to deform the desired shaving blade 
material, preferably stainless steel. The steel is de- 
formed using a device which has multiple cones which 
are pressed against the steel to form dimples. The pref- 
erable dimple angle ranges from 5 to 45 degrees from 
the shaving plane. Virtually any desired number, shape 
or orientation of dimples may be produced. Following 
the formation of the dimples in the steel, the steel is 
hardened after which the holes and cutting edges are 
formed by one or more of the known processes of elec- 
trochemical machining (ECM), electrical discharge ma- 
chining (EDM), electrolytic machining, laser-beam ma- 
chining (LBM). electron-beam machining (EBM), photo- 
chemical machining (PCM), or ultrasonic machining 
(USM). Edge formation may be followed with supple- 
mental metallic or non-metallic coatings and procedures 
standard in the art such as coating with polytetrafluor- 
oethylene (Teflon) or other lubricious materials, followed 
by heat treatments. Each of the non-traditbnal machin- 
ing procedures has various benefits and may be em- 
ployed depending upon the desired result. All of the 
edge formation processes do not require extensive part 
manipulation or in any way limit blade design . 
[0018] The EDM process involves the use of an EDM 
tool which is fed into the area to be cut. A dielectric fluid 
is placed into the area to be cut and rapid, repetitive 
spark discharges are fed between the tool and the steel 
to remove conductive material and consequently pro- 
duce an aperture. Multiple tools may be employed to 
produce the multiple desired apertures. The EDM proc- 
ess is especially useful in situations where the cutting 
will be irregular and is capable of producing up to 200 
simultaneous holes. 

[0019] The ECM process cuts steel via anodic disso- 
lution in a rapidly flowing electrolyte between the steel 
and the shaped electrode. As with EDM, ECM may be 
employed to simultaneously produce multiple apertures 
and is capable of producing up to 100 simultaneous 
holes. Also similarly with EDM, ECM is particularly use- 
ful for cutting in situations where the cuttings are irreg- 
ular. Figure 1 illustrates the ECM tool 10 which is fed 
into the area to be cut. While any desired dimensions 
may be chosen, preferable dimensions for the ECM tool 
include a width of approximately 2.7 mm., an angled 
cone portion 11 approximately 0.75 mm. high to form 
the proper cutting edge, and an angle in the range of 
approximately 10-40 degrees, and preferably 35 de- 



grees, between the surface of the angled cone portion 
11 and the shaving plane. 

[0020] Figure 2 illustrates the resulting apertured 
blade 20 manufactured using the ECM tool example 
s above. The resulting apertured blade 20 would have the 
desired dimensions of an aperture width 21 of approxi- 
mately 2.5 mm., a cutting edge height of approxinnately 
0.03 mm. and a cutting angle of approximately 165 de- 
grees between the flat edge of the blade 22 and the out- 
10 side cutting edge 23 and approximately 20 degrees be- 
tween the inside 24 and the outside 23 of the cutting 
edge. These approximate dimensions for a cutting edge 
on the edge of the aperture would allow skin to flow over 
the aperture and the hair to be easily cut. As illustrated 
IS in Figure 3, the ECM tool 10 forms the blade edge 25 
by removing material from the edge of the pre-formed 
dimples. Shadow line 23A illustrates the original top of 
the dimple before the application of the ECM tool, while 
shadow line 24A illustrates the original bottom of the 

20 dimple before the application of the ECM tool. As shown 
in Figure 3, the inside edge of the dimple is removed 
electrochemically via the ECM tool at a steeper angle 
forming the inside edge 24 and an aperture opening. 
Multiple ECM tools or an ECM tool consisting of an array 

2S of Figure 1 structures may be employed to produce the 
multiple desired apertures in the desired pattern. Fig- 
ures 4 and 4a illustrate examples of aperture patterns 
in which the apertures 21 are circular The ECM process 
is especially useful in situatbns where the cutting will 

30 be irregular and is capable of producing up to 100 si- 
multaneous holes. 

[0021] Other alternative processes are also viable for 
producing razor blades having multiple cutting aper* 
tures. Electrolytic machining empk^ys an electrolytic so- 

3S lution which surrounds the steel and enables DC current 
to flow between the tool and the steel work piece. The 
dissolution ot the materiai tOvform the ^»fttire& ^ pfOr 
portksnal to the current generated:between the tool andr- 
the steel. Electrolytic machining includes the special- 

40 ized full form machining technique known as ECM de- 
scribed earlier. Laser-beam machining is simply the cut- 
ting of the hole via melting, ablating and vaporizing the 
steel at the desired point. This method is especially use- 
ful in that the cutting system is rapidly adjustable, how- 

45 ever laser machining can only practically produce 2 
holes simultaneously. Electron-beam machining uses 
an electron beam to melt and vaporize the material. The . 
electron beam consists of a focused beam of electrons 
accelerated to a high vekx:ity. This technique can only 

50 practically produce one hole at a time but it produces 
holes at a production rate of 5000 holes per second. 
Photochemical machining utilizes a chenrucatly resistant 
mask. The mask is formed using photographic tech- 
niques. The exposed material is either immersed in an 

5S etehant or sprayed with the etchant to, remove the ma- 
terial exposed via a chemical reaction. This technique 
can form an unlimited number of holes simultaneously 
and is kjeal for continuous strip production. Ultrasonk: 
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machining inDplements a tool that vibrates perpendicular 
to the workpiece at ultrasonic frequencies. The part is 
submerged in an abrasive slurry which in combination 
with the vibrating tool abrades the material away. This 
technique is practical for forming 10 holes simultane- 
ously and is known for forming sharp corners. All of 
these techniques generate holes through the dimple 
and sharpen the cutting edge via the use of a coned 
shaped tool with an angle greater than the angle of the 
dimple to fomi the cutting edge, as Illustrated for ECM 
in Figure 1 or a mask to control material removal. One 
or more tools may be used to either form both the hole 
and the sharpened edge simultaneous or sequentially. 
For example, the ECM can be used to form the edge 
while cutting the aperture or the apertures may be cut 
utilizing EDM, but sharpened utilizing ECM. 
[0022] The structure and design of the cutting edge 
aperture is unlimited using non-traditional machining 
techniques. Circular, rounded, slotted, geometric, such 
as square or rectangular, and irregularly shaped fea- 
tures as well as any combination of these features can 
be formed and contoured. The contour of the cutting 
edge is also readily adjustable. The edge can be 
straight, beveled or shaped. Both lateral and longitudi- 
nal structures are readily formed using electrochemical 
machining, electrical discharge machining, electrolytic 
machining, laser-beam machining, electron beam ma- 
chining, photochemical machining, ultrasonic machin- 
ing, and other alternative machining techniques in a sin- 
gle step, in contrast to traditional grinding techniques 
which require extensive part manipulation and may not 
even be capable of producing these features. 
{0023] While there have been described what are 
presently believed to be the preferred embodiments of 
the present invention, those skilled in the art will realize 
that various changes and modifications may be made 
to the invention without departing from the spirit of the 
invention, and it is Intended to ctaim aft such changes 
and modifications as fall within the scope of the Inven- 
tion 



Claims 

1. A method of producing a razor blade having a plu- 4S 
rality of apertures, comprising the steps of: 

forming a plurality of dimples in a razor blade 
material; 

forming at least one aperture in one or more of so, 
the plurality of dimples by electrochemical ma- 
chining in a manner such that a cutting edge is 
formed on the edge of each apertures- 
sharpening the cutting edges via at least one 
of the processesGt electrochemical machtnirrg, ss 
electrical discharge madnining, electrolytic 
chemistry/machining, laser-beam machining, 
electron-beam machining, photochemical ma- 



chining, or ultrasonic machining. 

A method of producing a razor blade having a plu- 
rality of apertures, comprising ttie steps of: 

forming a plurality of dimples In a razor blade 
material; 

forming at least one aperture in one or more of 
the plurality of dimples by electrical discharge 
machining in a manner such that a cutting edge 
is fomned on the edge of each aperture; 
sharpening the cutting edges via one of the 
processes of electrical discharge machining, 
electrochemical machining, electrolytic chem- 
istry/machining, laser-beam machining, elec- 
tron-beam machining, photochemical machin- 
ing, or ultrasonic machining. 

A method of producing a razor blade having a plu- 
rality of apertures, comprising the steps of: 

forming a plurality of dimples in a razor blade 
nnaterial; 

forming at least one aperture in one or more of 
the plurality of dimples by electrolytic chemis- 
try/machining in a manner such that a cutting 
edge Is formed on the edge of each aperture; 
sharpening the cutting edges via one of the 
processes of electrolytic chemistry/machining, 
electrochemical machining, electrical dis- 
charge machining, laser-beam machining, 
electron-beam machining. photochemk:al ma- 
chining, or ultrasonic nrechining. 

A method of producing a razor blade having a plu- 
rality of apertures, comprising the steps of: 

fonming^a ptuiality of dsnpte in a f3Zorblade^ 
material; 

forming at least one aperture in one or more of 
the plurality of dimples by laser beam machin- 
ing In a manner such that a cutting edge is 
formed on the edge of each aperture; 
sharpening the cutting edges via one of the 
processes of laser-beam machining, electro- 
chemical machining, electrical discharge ma- 
chining, electrolyte chemistry/machining, elec- 
tron-beam machining, photochemical machin- 
ing, or ultrasonk: machining. 

S: A method of producing a razor blade having a plu- 
rality of apertures, comprising the steps of: 

forming a plurality of dimples in a razor blade 
material; 

forming at least one aperture in one or more of 
the plurality of dimples by electron beam ma- 
chining in a manner such that a cutting edge is 
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formed on the edge of each aperture; 
sharpening the cutting edges via one of the 
processes of electron-beam machining, elec- 
trochemical machining, electrical discharge 
machining, electrolytic chemistry/machining, s 
Iaser43eam nnachining. photochemical machin- 
ing, or ultrasonic machining. 

6. A method of producing a razor blade having a plu- 
rality of apertures, comprising the steps of : io 

fomning a plurality of dimples in a razor blade 
material; 

fomiing at least one aperture in one or more of 
the plurality of dimples by photochemical ma- 
chining in a manner such that a cutting edge is 
foimed on the edge of each aperture; 
sharpening the cutting edges via one of the 
processes of photochemical machining, elec- 
trochemical machining, electrical discharge 
machining, electrolytic chemistry/machining, 
laser-beam machining, electron-beam machin- 
ing, or ultrasonic machining. 

7. A method of producing a razor blade having a plu- 2S 
rality of apertures, comprising the steps of: 

fomiing a plurality of dimples in a razor blade 
material; 

fomitng at least one aperture In one or more of 30 
the plurality of dimples by ultrasonic machining 
in a manner such that a cutting edge is formed 
on the edge of each aperture; 
sharpening the cutting edges via one of the 
processes of ultrasonic machining, electro- 3S 
chemical machining, electrical discharge ma- 
chining, e factiulyti tr chemistiy/nriachining, la- 
ser-beam machrning, etectron-beam machin- 
ing, or photochemicat machining. 

40 

8. The method of any of Claims 1 to 7, further com- 
prising the step of fonming the plurality of apertures 
such that each aperture is rounded, slotted, geo- 
metric, irregularly shaped or a combination thereof. 

45 

9. The method of any of Claims 1 to 8, further com- 
prising the step of forming the plurality of apertures 
such that each aperture is circular. 

10. A razor blade having a plurality of apertures, form- so 
able via the method of any of Claims 1 to 9. 
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FIG-l 




2.7 mm 
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